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Introduction
[bookmark: _Hlk510705081]In this document, contributions submitted under agenda item 7.2.13.4 on Efficient and low latency serving cell configuration/activation/setup [1-10] are summarized, along with some suggestions for further discussion.
[bookmark: _GoBack]
Discussion
Some general notes
· Several contributions (e.g. [1],[3],[5],[6],[7],[9],[10]) analyze the Scell activation delay for differnt scenarios (FR1, FR2, different SMTC periodicity, known/unknown cell etc.) and observe that based on Rel15 RAN4 requirements the maximum allowed activation delay for NR is quite long (longer than LTE in most cases). Also, maximum allowed activation delay activation delay for FR2 is longer than FR1. 

· All contrbutions seem to suggest that improvements are needed in NR for effficient and low latency serving cell configuration/activation/setup.

Based on the inputs in the tdocs, below aspects can be taken up for further discussion 
Topic1 – Supporting Scell activation/deactivation via PDCCH (i.e., replacing Rel15 MAC CE based mechanism with PDCCH based mechanism in Rel16)
· 9 of 10 tdocs discuss this issue
· 5 tdocs ([2],[6],[7],[8],[10) seem to suggest that this should be supported
· 4 tdocs ([1],[3],[4],[9]) seem to suggest that this should not be suppotred.

· Discuss below points related to this topic
· Current Scell activation delay requirments in RAN4 allow very long latency. In comparison to it latency savings by moving to PDCCH based activation is low.
· Should we ask RAN4 whether it is feasible to reduce Scell activation delay requirments within Rel16 timeframe? (e.g. for intra-band case, when TRS is available etc.)
· If it is feasible to reduce RAN4 requirements (such that latency reduction due to PDCCH based activation becomes a sizeable fraction of overall activation latency), can we support PDCCH based activation? or are there other concerns? If supported, how does the DCI format look like?
· If it is not feasible to reduce RAN4 requirements, should we conclude that there is not much gain in supporting this?

Topic2 – Supporting ‘dormancy-like behaviour’ for NR (i.e., behaviour where UE does not monitor PDCCH on Scell but still measures/reports CSI for that Scell)
· 8 of 10 tdocs discuss this issue
· 6 tdocs ([2],[3],[4],[5],[9],[10]) seem to suggest that such behaviour can be supported in NR in Scell activated state
· 1 tdoc ([8]) seems to assume that this should be as in LTE Rel15 eCA (i.e., assumes that new state is introduced for NR Rel16 and the behaviour is supported in that new state)
· 1 tdoc ([6] ) suggests to wait for RAN2 guidance on this
· Discuss below points related to this topic
· How to switch between ’dormancy-like behaviour’ and regular behaviour on activated Scells?
· what L1 signalling is needed?
· Should we define ’dormant BWP’ for activated Scells?
· Impicit switching between dormant and regular BWP?
· Explicit switching (i.e., via DCI on Pcell/PScell) between dormant and regular BWP?
· How to coordinate with RAN2 on this?
· Send LS with current RAN1 understanding? (e.g. telling them the enhancements that we are considering)

Topic 3 – Improvements related fast beam tracking/training/setup/management during Scell activation
· 3 of 10 tdocs mention such improvements
· [1] – fast beam training; [3] – AP-CSI-RS for TCI indication, [10] -- repetition of CSI-RS for mobility
· Discuss further what FR2 specific enahcements are useful (if any) for reducing latency during Scell activation.

Other topics (not a complete list …to be updated as needed)
· Short interval CQI reource setup/reporting – discussed in [1]
· Cross-carier schedluing of PDCCH order – discussed in [1]
· Configuring the number of PDCCH candidates for a scheduled SCell in each corresponding search-space set of the scheduling cell – discussed in [4]
· Making cross-carrier scheduling vs. Self scheduling BWP specific – discussed in [4]
· Additional RS – discusseded in [7],[8]
· SCG RACH Procedure Latency Reduction – discussed in [10]

Possible outcomes from this meeting

[bookmark: _Hlk5803203]Possible LS to RAN4 on activation delay
Draft LS in R1-1905901

[bookmark: _Hlk5960345]Possible observations 
· For NR, when cross-carrier scheduling is not configured, 
· It is possible using Rel15 signalling to support activated Scells with sparse PDCCH monitoring on the Scell and with CSI measurement/reporting
· E.g. configuring a Scell with two different BWPs, one with frequent PDCCH monitoring occasions and one with sparse PDCCH monitoring 
· [bookmark: _Hlk5964733]If supported, additional L1 signaling mechanisms can enable fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring on the activated Scells.
· Potential additional L1 signalling mechanisms include
· Using DCI on Pcell to control PDCCH monitoring on Scell(s)
· Configuring Scell(s) with two different BWPs, one with frequent PDCCH monitoring occasions and one with sparse/no PDCCH monitoring, and using DCI on Pcell to switch BWPs on Scell(s). The BWPs can have different CSI measurement/reporting configuration.
· Note: In NR, MAC CE based adaptation of CSI measurement/reporting for Scell(s) is possible using Rel15 signalling.

· For NR, when cross-carrier scheduling is configured 
· It is possible using Rel15 signalling to support activated Scells with no PDCCH monitoring on the Scell and with CSI measurement/reporting.
· If supported, additional mechanisms such as per BWP configuration of cross-carrier scheduling can enable fast adaptation between cross-carrier and self-scheduling for activated Scells.
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Annex A – Proposals and observations
R1-1903992	Low latency of Scell activation	Huawei, HiSilicon
Observation 1: TSMTC_SCell  is the main component of T_activation_time defined in RAN4 .
Observation 2: SCell activation signaling through PDCCH does not seem to provide obvious benefit on latency if HARQ-ACK for the signalling is needed for SCell activation command. 
Observation 3: Additional new DCI format design and HARQ-ACK codebook extension specification effort would be needed for L1 based SCell activation command. 
Observation 4: Periodic CSI-RS and Periodic CSI reporting are simple process for frequency/time tracking, measurement and reporting. 
Observation 5: Comparing with SCell activation in FR1, additional time is consumed for BM in NR-FR2, which will increase the latency of SCell activation. 
Observation 6: Active BWPs in different cells can switch simultaneously to the default BWP in a BWP bundle triggered by the BWP switching signaling of a reference cell in CA.
Proposal 1: Short interval periodic CSI-RS resource for frequency/time tracking can be supported for low latency of SCell activation.
Proposal 2: Short interval periodic CSI-RS reference resource and CSI reporting resources for CSI measurement can be supported for low latency of SCell activation.
Proposal 3: Fast beam training during SCell activation should be considered to enable low latency of SCell activation in FR2.
Proposal 4: BWP framework enhancement for efficient SCell management can be supported
Proposal 5: Cross-carrier triggering PDCCH order by DCI format 1_1 should be supported.

R1-1904113 Efficient Scell activation vivo
Proposal 1: NR supports a DCI based Scell activation command and on-demand RS for UE Scell preparation triggered by the DCI command. 
Proposal 2: Do not introduce the explicit Scell dormant state in NR.
Proposal 3: Support one of the following schemes to minimize the UE power consumption on an activated Scell
· Dynamic switching of PDCCH monitoring periodicity for an activated Scell based on cross-carrier DCI indication from another serving cell
· Dynamic BWP switching from a “dormant” DL BWP (a DL BWP without PDCCH search space) to a regular DL BWP based on cross-carrier DCI indication from another serving cell

R1-1904156 Discussion on low latency Scell activation ZTE

Observation 1: The following delay accounts for a large portion of SCell activation delay.
· Delay for time-domain and frequency-domain synchronization, RF warm up and AGC adjustment;
· Delay for CSI-RS measurement and CSI reporting.
Observation 2: L2 processing delay only contributes about 3.5% to the total SCell activation delay. The gain of adopting L1 signalling instead of MAC CE to activate SCell is marginal.
Observation 3: Rel-15 can configure a BWP as a dormant BWP by
· Configuring at least one search space;
· Configuring CSI-RS and CSI reporting resource;
· Configuring cross-carrier scheduling.
Proposal 1: There is no need to adopt L1 signalling to activate SCell.
Proposal 2: Introduce “dormant state” for SCell in NR.
Proposal 3: Support dormant BWP in Rel-16 for fast SCell activation and enable cross-carrier scheduling by default for dormant BWP.
Proposal 4: If dormant BWP is supported in Rel-16, support BWP-level cross-carrier scheduling configuration.
Proposal 5:  If a TCI state for PDSCH indicates an AP CSI-RS resource as a QCL source, UE is expected to apply the QCL parameter(s) derived from the AP CSI-RS transmitted before OFDM symbol n-S, where symbol n is the first symbol of the PDSCH.
· The value of S follows the value reported in FG 2-25

R1-1904401	On SCell Activation/Deactivation Samsung
Observation 1: SCell activation delays associated with CSI measurements, AGC tracking, and time/frequency tracking are larger in NR relative to LTE.

Observation 2: SCell activation by PDCCH does not address the root cause of SCell activation delay and may not offer any meaningful benefits.

Observation 3: Rel-15 NR practically supports cell ‘dormancy’, thereby offering fast SCell activation/deactivation. 

Observation 4: Configuring the PDCCH candidates for a scheduled cell in each corresponding search space set of the scheduling cell and making self-carrier/cross-carrier scheduling BWP specific can provide meaningful enhancements in supporting ‘SCell dormancy’ in NR. 

R1-1904491	Efficient SCell Access Switching for NR	MediaTek Inc.
Observation 1: The dormant state in LTE euCA can help to reduce the SCell activation delay by continuous CSI measurement and reporting. UE power consumption can be balanced by sparse CSI resource allocation.   
Observation 2: After the initial DC/CA setup and SCell activation, early measurement and direct SCell state configuration can’t help to reduce SCell activation latency in the following SCell state transitions from deactivated to activated state.
Observation 3: In NR, the SCell activation delay consists of MAC CE decoding for HARQ ACK, SCell activation delay for RF preparation, ACG tuning, cell search, time/frequency tracking etc. and CSI reporting delay. 
Observation 4:  In NR, the SCell activation delay is variable and can be much longer than the delay in LTE in certain scenarios. 
Observation 5: In NR, BWP operation is introduced and data transmission/reception are performed per BWP on top of the activated serving cells.  
Observation 6: If dormant state is introduced on the level of serving cells (e.g. dormant SCell), new MAC CEs and new procedures in MAC layer to support state transitions among activated, dormant and deactivated should be specified. 
Observation 7: If dormancy behavior is introduced on the level of BWPs (via a particular BWP without PDCCH monitoring), state transition from activated to dormant state can be supported by BWP switching. 
Observation 8:  With configuration of the particular BWP, the latency can be reduced at least by THARQ and TCSI_reporting from eliminating HARQ feedback for the MAC CE and CSI reporting.
Observation 9: In order to get the full latency benefit of BWP switching, UE may need to keep RF on and perform cell search and time/frequency tracking periodically in the particular BWP. The additional power consumption can be managed by properly configuring the occasions for CSI reference resources and reporting.
Observation 10: The implicit rule by bundling BWP switching between PCell and SCells can minimize both the PCell control resource overhead and SCell activation latency. 
Proposal 1: The ‘dormancy’ behavior, that UE doesn’t monitor PDCCH and only performs CSI measurement and reporting, is supported for SCell in Rel-16 to reduce the SCell latency for data transmission. 
Proposal 2: A particular BWP without PDCCH monitoring can be configured for SCell. 
Proposal 3: The dormancy for SCell is realized by BWP switching to the particular BWP for NR. 
Proposal 4: Implicit rule for bundling BWP switching between PCell and SCells is further specified.

R1-1904722	Efficient CA design	Nokia, Nokia Shanghai Bell
Proposal-1: In R16 NR, support DCI-based Scell activation with acknowledgement, if DCI-based activation reduces L1-defined Scell activation delay to less than 1 slot. 
Proposal-2: Send LS to RAN4 with the following questions: 
RAN1 would like to kindly ask RAN4 for clarification on the main components of Tactivation_time =[5ms+ 1* TSMTC_SCell]. RAN1 assumes that 3ms correspond to MAC-CE interpretation and RF warm up and TSMTC_SCell is the configured SMTC periodicity of the Scell. 
For intra-band, RAN1 would be interested under which conditions Scell activation times could be comparable with BWP activation times. 
Proposal-3: RAN1 should wait for guidance from RAN2 before discussing what RAN1 specification impacts are required with respect to dormancy (if supported). 
Proposal-4: If DCI based Scell activation is supported in R16, consider also designs, where Scell activation command is included in separate 2-x DCI format, as well as where Scell activation command is part of single-cell or multi-cell scheduling DCI format.  
Proposal-5: If DCI-based Scell activation is supported, consider existing cross-carrier A-CSI trigger in DCI format 0_1 as one possible Scell activation command.   

R1-1904746 Discussion on fast activation and deactivation of scell CMCC
Proposal 1. Faster activation and deactivation of Scell should be supported in NR to realize better resource utilization and UE power saving.
Proposal 2. A new group common DCI should be used as the L1 signalling to activate and deactivate Scell faster.
Proposal 3. Additional CSI-RS or TRS can be configured on deactivated Scells to realize faster Scell activation.

R1-1904904 SCell fast activation and deactivation Asustek
Observation 1: In LTE, SCell dormancy is defined to achieve faster SCell activation by maintaining CSI measurement/reporting.
Observation 2: Among existing signal/channel, the most suitable candidate to activate/deactivate an SCell is PDCCH.
Observation 3: By defining a special BWP, e.g. dormant BWP, the existing design of BWP switch command could be reused as L1 signaling to activate/deactivate an SCell from signaling perspective.
Proposal 1: For reducing latency of SCell activation, UE maintains CSI measurement/reporting before receiving activation command and L1 signaling is used to activate/deactivate an SCell.
Proposal 2: Design of L1 signaling to activate/deactivate an SCell could use Rel-15 BWP switch command as a starting point. 

R1-1905144	Reduced latency Scell management for NR-NR CA	Ericsson
Proposal
· Use MAC CE based activation signaling as specified in Rel15 without any changes for activating/deactivating Scells, 
· In addition to the MAC CE based signaling, use additional L1 based on/off signaling for fast control of PDCCH monitoring and PUCCH/SRS transmission on activated Scells.  

R1-195281	Fast SCG and Scell activiation	Qualcomm Incorporated
Observation 1: In NR, AGC, initial CQI warm up, beam management and MIB reading can be all performed based on SSB monitoring.
Observation 2: Not monitoring PDCCH on SCell is a necessary but not a sufficient condition for improving SCell energy efficiency. Other periodic activities including CSI measurement and reporting, beam management, and/or RRM may still be performed at much reduced duty cycle. There is tradeoff between minimizing SCell power consumption level and maintaining sufficient state information about the SCell such that UE can very quickly transition the SCell to activation state when traffic arrives.
Proposal 1: A-TRS/CSI triggering from SCell activation command should be supported in Rel-16 to greatly reduce SCell activation time.
Proposal 2: DCI-based signaling for SCell activation/deactivation should be supported in Rel-16, if other enhancements are also adopted to greatly reduce the overall activation timeline compared to Rel-15.
Proposal 3: Similar “dormancy” behavior in LTE euCA can be supported in NR, i.e. the UE can be configured to measure SSB with a separate SMTC monitoring cycle for AGC, initial CQI warm up, beam management and MIB reading when no PDCCH/PDSCH is expected, to achieve trade-off between activation latency reduction and UE power consumption.
Proposal 4: In NR, “dormancy” behavior for a SCell can be supported by configuring a particular BWP without PDCCH/PDSCH monitoring as the dormant BWP for the SCell.
Proposal 5: RAN1 supports dormant BWP and specifies the required new DCI signaling and/or BWP switching behavior for dormant BWP on SCell in association with the PCell.
Proposal 6: Semi-persistent search space configuration based on DCI-signaling can be considered as an alternative to support fast transitioning in and out of SCell “dormancy” behavior.
Proposal 7: New DCI information to trigger BWP switch from dormant BWP on SCell and/or fast SCell activation should be based on reusing an existing DCI of C-RNTI that the UE is expected to monitor for DL scheduling, but with special values in one or more existing fields to allow reinterpreting other field(s) as containing the new information. UE is expected to send acknowledgement based on the HARQ-ACK resource indicated by the DCI.
Proposal 8: Consider latency reduction mechanisms for RACH procedure on SCG, including both CBRA and CFRA.
Proposal 9: Support repetition of CSI-RS for mobility.

Annex B – Relevant Rel15 Spec excepts
TS 38.133
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4.3 Timing for secondary cell activation / deactivation

When a UE receives an activation command [11, TS 38.321] in a PDSCH for a secondary cell in slot 7, the UE applies
the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133] and no
earlier than slot 72+ , except for the following:

- the actions related to CSI reporting on a serving cell that is active in slot -+

- the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
applies in slot 7+

- the actions related to CSI reporting on a serving cell which is not active in slot 72+ that the UE applies in the
carliest slot after 71+k in which the serving cell is active.

The value of k is K, +3-N22™™* 1 where k; is a number of slots for a PUCCH transmission with HARQ-ACK.
information for the PDSCH reception and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCT
format scheduling the PDSCH reception as described in Subclause 9.2.3 and NZ:*™* is a number of slots per
subframe for the SCS configuration # of the PUCCH transmission.

If a UE receives a deactivation command [11, TS 38.321] for a secondary cell or the sCellDeactivationTimer associated
with the secondary cell expires in slot 7, the UE applies the corresponding actions in [11, TS 38.321] no later than the
minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on a serving cell which
is active which the UE applies in slot 7-+k
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8.3.2  SCell Activation Delay Requirement for Deactivated SCell

‘The requirements in this section shall apply for the UE configured with one downlink SCell in SCG ia EN-DC, or in
standalone NR carrier aggregation 2d when one SCellis being activated,

‘The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.

Upon receiving SCell activation command in slot 7, the UE shall be capable to ransmit valid CSI report 2nd apply
ing [Tazg

Tostpapnse].where:
Tring s the timing between DL data transmission and ackaowledgement as specified in [7].

3GPP.

Release 15 55 3GPP TS 38.133 V15.4.0 (2018-12)
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- InFRI, in case of intra-band SCell activation, Tsyrc st is the longer SMTC periodicity between active -~
serving cells and SCell being activated provided the cell specific reference signals from the active serving
cells and the SCells being activated of released are available in the same slot; in case of inter-band SCell

activation, Tsac_asxis the SMTC pericdicity of SCell being activated.
- InFR2, Tsame auex s the longer SMTC periodicity between active serving cells and SCell being activated

provided that i Rel-15 only support FRY intra-band CA.
- T s is bounded to iz valve of 10ms.
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SCell in FR1 is known if it has been meeting the following conditions:

- During the period equal to max([5] measCycleSCell, [5] DRX cycles) for FR1 before the reception of the SCell
activation command:

- the UE has sent a valid measurement report for the SCell being activated and

- the SSB measured remains detectable according to the cell identification conditions specified in section 9.2
2nd 93

- the SSB measured during the period equal to max([5] measCycleSCel, [5] DRX cycles) also remains detectable
during the SCell activation delay according to the cell identification conditions specified in section 9.2 and 9.3

Otherwise SCell in FR1 is unknowa.

Ifthe UE has been provided with higher layer in TS 38,331 [2] signaling of smic2 prior to the activation command,
‘Taarc scn follows smic. or smic2 according to the physical cell ID of the target cell being activated. Tsare wax follows.
micl or smic2 according to the physical cell IDs of the target cells being activated and the active serving cells

In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command.
specified in [2] for an SCell at the first opportunities for the corresponding actions once the SCell s activated.

‘The interruption on PSCell or any activated SCell in SCGfor EN-DC mode specified in section 8.2 shall not oceur
‘before slot +1+{Tizang] and not occur after slot n+1+[Trarg ~3ms

‘The interruption on PCell or any activated SCell in MCG for
‘occu before slot 1r+1+{Tizarg] and not occur afer slot a+1= Trizg ~3ms =

3GPP.

Release 15 56 3GPP TS 38.133 V15.4.0 (2018-12)

Starting from the slot specified in section 4.3 of [3] timing for secondary Cell activation/deactivation) and vatil the UE.
has completed the SCell activation, the UE shall report out of range if the UE has available uptink resources to report
CQI for the SCell

8.3.3  SCell Deactivation Delay Requirement for Activated SCell

‘The requirements in this section shall apply for the UE configured with one dowalink SCell in SCG ia EN-DC, or in
standalone NR carrier aggregation.

Upon receiving SCell deactivation command or upon expiry of the sCellDeactivationTimer in slot n, the UE shall
‘accomplish the deactivation actions for the SCell being deactivated no later than in slot n+[Trg

The interruption on PSCell or any activated SCell in S
‘before slot +1+{Tizang] and not occur after slot n+ 1+ Trirg =3ms].

The interruption on PCell or any activated SCell in MCG for NR standalone mode specified in section 8.2 shall not
‘occu before slot 1r+1+{Tizarg] and not occur after slot a+1+ Triag ~3ms].





